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Control loop fault diagnosis deals with the safety and consistency of control loop
operation, thus receiving increasing attention in both academic research and industrial
application. Since process control systems are complex, usually faults may occur in
different components and represent in different behaviors. This thesis is concerned
with different faults related to control system, which includes model error fault in model
predictive control (MPC), oscillation detection, and overall control loop diagnosis with
missing data problem. In order to handle practical issues, non-disturbing test signal
is used to detect the model error; frequency analysis is employed in the oscillation
detection approach; as well as the Expectation-Maximization (EM) algorithm is applied
to overcome the data missing problem. The major work of this thesis includes:
(1) Introduce a method of multivariable model error detection in MPC. The idea is
to use non-disturbing small sinusoidal test signals to obtain accurate estimates of
process frequency responses at several frequency points. Then, the differences
between estimated frequency responses and the frequency responses of current
MPC model are used to form the model error index matrix which is used to
access the model error of the MPC controller. An upper error bound is developed
for quantifying the error of frequency response estimation. Simulation studies
are used to demonstrate the usage of the method. Thenceforward, a model error
detection toolbox has been developed and prepares to be applied in real industrial
application.
(2) Introduce an oscillation detection method by analyzing the magnitude of signal
after discrete Fourier transform (DFT). Properties of Raleigh distribution are used
to calculate a threshold in order to detect multiple oscillations simultaneously in
presence of colored noises based on a statistical confidence level. A simulation
example and an industrial case study are provided to verify the effectiveness of
the proposed approach.
(3) Introduce a data-driven approach for fault diagnosis in the presence of incom-
plete monitor data. The EM algorithm is applied to handle missing data in order
to obtain a maximum likelihood solution for the discrete (or categorical) distri-
bution. Because of the nature of categorical distributions, the maximization step
of the EM algorithm is shown in this thesis to have an easily calculated analytical














(single tank water level control system and distillation column system) as well as
an experimental study on a balls-in-tubes system are investigated to demonstrate
advantages of the proposed approach.
In the proposed methods, model error detection and oscillation detection are ap-
plied as independent monitors for different components in control loop, while the
Bayesian diagnosis is a systematic approach to synthesize monitors, which provides
an ultimate diagnosis result. Several simulation examples, balls-in-tubes experimen-
tal study as well as industrial case study are considered to illustrate the efficacy of the
proposed method.
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